We use a non-relativistic model to study the mass spectroscopy of a tetraquark composed by cc cc quarks in the diquark-antidiquark picture. By numerically solving the Schrödinger equation with a Cornell-inspired potential, we separate the four-body problem into three two-body problems. Spin-dependent terms (spin-spin, spin-orbit and tensor) are used to describe the splitting structure of the cc spectrum and are also extended to the interaction between diquarks. Recent experimental data on charmonium states are used to fix the parameters of the model and a satisfactory description of the spectrum is obtained. We find that the spin-dependent interaction is sizable in the diquark-antidiquark system, despite of the heavy diquark mass, and that the diquark has a finite size if treated in analogy to the cc systems. We find that the lowest S-wave T 4c tetraquarks might be below their thresholds of spontaneous dissociation into low-lying charmonium pairs, while orbital and radial excitations would be mostly above the corresponding charmonium pair threshold. These states could be investigated in the forthcoming experiments at LHCb and Belle
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Introduction
The possible cccc states have gained attention recently due to the increasing fauna of exotics and the possibility of producing charmonium pairs in high energy facilities like LHC and KEK. Due to the absence of light quarks, it is unlikely that these states are meson molecules and the tetraquark picture is favored. Assuming a diquark-antidiquark structure, we study the [cc] [cc] tetraquark with a non-relativistic model [1] .
The T 4c was first proposed by Iwasaki in 1975 [2] , just after the discovery of the J/ψ. A few years later, Chao studied this tetraquark in the diquark picture including orbital momentum and spin-dependent forces [3] . After that, only quite few works have investigated the role of orbital momentum or radial excitations. We have thus chosen to focus on these features, extending a successful charmonium model [4] in order to test the diquark assumption and the contribution of spin-dependent terms. 
Formalism
We adopt a quarkonium model [4] , solving the Schödinger equation [5] with the potential V (0) (r), which has a Coulomb term from one gluon exchange, linear confinement and a smeared spin-spin interaction:
where the color factor κ s is −4/3 for color singlet and −2/3 for vector diquark in antitriplet color state, while the QCD strong coupling constant α s , string tension b and gaussian parameter σ , together with the charm quark mass m c , are fitted to the cc spectrum (Fig. 2) . The spin-orbit and tensor interactions are included as first order perturbation:
where the operator
can be written in terms of spherical harmonics Y m 2 and spin operators S + , S − , S z to be applied directly in the tetraquark wavefunction [1] . First we calculate the diquark mass using V cc = V cc /2, where the attractive antitriplet color structure implies the diquark has total spin 1. Next, the diquark mass is used as input to obtain the tetraquark spectrum as a two-body system, allowing radial and orbital excitations between diquark and antidiquark.
Results and Conclusions
In Fig. 2 we compare the model results with recent experimental data of cc states. We find that the non-relativistic approximation is reasonable, with v 2 /c 2 < 0.2. The lowest 1S states of the T 4c are found to be very compact, with r 2 1/2 < 0.3 fm, where the binding is mostly due to the Coulomb term from one gluon exchange, which also creates a big overlap of the wavefunction at the origin and a strong contribution of the spin-spin interaction.
On the other hand, the lowest diquark is found to have r 2 1/2 ∼ 0.6 fm, warning against the point-like approximation, which is very common in the literature, even though the two-body approximation should still be reasonable due to the color structure behind it.
In Fig. 3 we show the results for the T 4c mass spectrum in analogy to the cc one, considering one radial and one orbital excitation and the splitting structure from the spin-dependent terms, in a total of 20 states. We can see that the three lowest 1S states with J PC = 0 ++ , 1 +− , 2 ++ and masses 5969.4, 6020.9, 6115.4 MeV seem to be below 1 the two-meson thresholds η c η c , η c J/ψ and J/ψ J/ψ, respectively. The inclusion of orbital momentum increases the possibilities in quantum numbers and decay channels. One interesting case is the 1 3 P 1 state with exotic quantum numbers J PC = 1 −+ and mass 6577.4 MeV, about 80 MeV above the corresponding η c (1S) χ c1 (1P) threshold. Detailed results and discussions are presented in Ref. [1] . 
Acknowledgments

